Remote control of gene transcription.
In this review, we look at the most recent studies of DNA elements that function over long genomic distances to regulate gene transcription and will discuss the mechanisms genes employ to overcome the positive and negative influences of their genomic neighbourhood in order to achieve accurate programmes of expression. Enhancer elements activate high levels of transcription of linked genes from distal locations. Recent technological advances have demonstrated chromatin loop interactions between enhancers and their target promoters. Moreover, there is increasing evidence that these dynamic interactions regulate the repositioning of genes to foci of active transcription within the nucleus. Enhancers have the potential to activate a number of neighbouring genes over a large chromosomal region, hence, their action must be restricted in order to prevent activation of non-target genes. This is achieved by specialized DNA sequences, termed enhancer blockers (or insulators), that interfere with an enhancer's ability to communicate with a target promoter when positioned between the two. Here, we summarize current models of enhancer blocking activity and discuss recent findings of how it can be dynamically regulated. It has become clear that enhancer blocking elements should not be considered only as structural elements on the periphery of gene loci, but as regulatory elements that are crucial to the outcome of gene expression. The transcription potential of a gene can also be susceptible to heterochromatic silencing originating from its chromatin environment. Insulator elements can act as barriers to the spread of heterochromatin. We discuss recent evidence supporting a number of non-exclusive mechanisms of barrier action, which mostly describe the modulation of chromatin structure or modification.